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AND ELECTRIC HERMETIC COMPRESSOR USING THE SAME 

TECHNICAL FIELD 

[OOOl] The present invention relates to a synchronous induction motor installed in 
a_refrigerator, an air-conditioner or the hke^ and an electric hermetic compressor 
using the same. 

BACKGROUND ART 
[0002] In recent years, synchronous induction motors have begun to be used in an 
electric hermetic compressor mounted in refrigerators, air-conditioners or the like to 
improve the system efficiency. A starter for the motor includes a PTC relay 
equipped with a built-in Positive Temperature Coefficient thermistor. Japanese 
Patent Unexamined Application No. 2002-300763 discloses an example of such a 
motor and a compressor. 

[0003] Now, a conventional synchronous induction motor and an electric hermetic 
compressor using the motor are described with reference to the drawings. FIG. 11 
shows a cross sectional view of the conventional electric hermetic compressor. FIG. 
12 shows a cross sectional view of a rotor of the conventional synchronous induction 
motor. FIG. 13 shows a circuit diagram of the conventional synchronous induction 
motor. 

[0004] Hermetic housing 6 encloses synchronous induction motor 1 and 
compression unit 5 driven by motor 1. Motor 1 starts as an induction motor and 
runs as a synchronous induction motor in sync with the supply voltage frequency at 
steady state running. Motor 1 has stator 2 and rotor 3. Stator 2 consists of main 
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winding 11 and auxiliary winding 12 wound on a core (not shown) made of electric 
steel sheet laminations. Rotor 3 encloses permanent magnets 10 disposed in yoke 
9 also made aloo of electric steel sheet laminations^ and has aluminum-made 
secondary conductors 4 disposed in a vicinity of the periphery.of yoke 9. 
[0005] Hermetic terminal 7 connects operating capacitor 15 to auxiUary winding 12. 
Starting capacitor 14 and PTC relay 8 that includes positive temperature coefficient 
thermistor 13 are connected in parallel with operating capacitor 15 and are 
connected in series with auxiliary winding 12. 

[0006] FIG. 14 shows speed vs. torque curves of a synchronous induction motor, 
where the horizontal axis denotes rotation speed of motor 1 and the vertical axis 
denotes torque force. 

[0007] Curve 87 shows an inherent torque characteristic of the induction motor. 
Resultant torque 81 is result of adding brake torque 88 generated by permanent 
magnets 10 to the torque characteristic shown by curve 87. Resultant torque 81 
represents the output torque of motor 1. Torque 90 represents the starting torque 
of motor 1 and torque 83 represents the maximum torque of motor 1. Torque 84 
represents an output torque at a synchronous speed, and motor 1 usually runs in a 
synchronous operation with loading under the maximum value of torque 84. 
[0008] Next, the operation of motor 1 with the aforementioned configuration and 
an electric hermetic compressor using the same are described. 
[0009] Upon energizing, starting current flows into main winding 11, auxiUary 
winding 12, thermistor 13, starting capacitor 14 and operating capacitor 15. When 
flowing the starting current, main winding 11 and auxiliary winding 12 estabHsh a 
rotating magnetic field, which induces induction currents on secondary conductors 4, 
causing rotor 3 to generate its own magnetic field. With starting torque 90 
obtained from the magnetic field, rotor 3 starts running and continues to accelerate 
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the speed along with output torque curve 81. After approaching the synchronous 
speed, then the motor reaches a synchronous operation at the synchronous speed 
generating torque 84. 

[OOlO] At the same time, current flowing into thermistor 13 generates self-heating 
in thermistor 13, causing thermistor 13 to increase in temperature and 
subsequently in resistance value rapidly. Consequently, current flowing into 
starting capacitor 14 is substantially cut off, and motor 1 continues running at the 
synchronous speed. 

[001 1] Next, rotor 3 drives compression unit 5 to carry out a known compressing 
operation. 

[0012] However, a minute electric current continues to flow into thermistor 13 for 
the heating to keep the resistance in a high value during running of motor 1 with 
the aforementioned conventional configuration. To provide motor 1 with a required 
torque property, an amount of torque is needed as described above to compensate 
the torque offset by the brake torque generated in permanent magnets 10. For this 
the— reason, motor 1 needs a larger magnetic inductive torque compared with 
ordinary induction motors. 

[0013] Typically, to increase the magnetic inductive torque, the € b-number of 
windings of auxiliary winding 12 is increased to have a larger winding ratio. As a 
result, however, a higher voltage is induced in auxiliary winding 12 causing a 
higher voltage applied on PTC relay 8 connected to auxiliary winding 12 as well. 
Thermistor 13 is thus required to have a higher voltage resistance than ordinary 
induction motors to withstand the voltage. 

[0014] To increase the voltage resistance of thermistor 13, thermistor 13 should 
have a larger volume. Such a configuration needs to increase the amount of heat 
emission required to maintain the resistance in a high value, causing PTC relay 8 to 
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increase the power for self-consumption to a higher level of 3 to 4 watts, thereby 
causing motor 1 to decrease the system efficiency greatly. The system efficiency of 
the electric hermetic compressor having motorl with this t be-configuration th«e 
docroQQOo c onsequentl y decreases . 

[0015] Additionally, the enlarged diameter of thermistor 13 increases the heat 
capacity of thermistor 13, causing difficulty in fast cooling. Namely, a longer time 
is required to cool thermistor 13 to a temperature ready for re- starting, resulting in 
aj)oor re-starting property for the electric hermetic compressor. 

SUMMARY DISCLOSURE OF THE INVENTION 
[0016] A synchronous induction motor diocloGod has a stator with a^main winding 
and aiLauxiliary winding, a yoke, a rotor with permanent magnets embedded in the 
yoke and secondary conductors provided in the vicinity of a periphery of the 
permanent magnets, and a starter. The starter has a starting capacitor connected 
in series with the auxiliary winding of the synchronous induction motor^ and a 
switching unit to connect/disconnect the circuit to the auxiliary winding from the 
starting capacitor. The switching unit connects the circuit to the auxihary 
winding from the starting capacitor when the motor is at rest, and disconnects the 
circuit after starting of the motor. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] FIG. 1 is ,GhowG -a cross-sectional view of an electric hermetic compressor 
according to an exemplary embodiment of the present invention. 
[0018] FIG. 2 is ohowG a cross-sectional view of a rotor for a synchronous induction 
motor according to the exemplary embodiment of the present invention. 
[0019] FIG. 3 is ohowo a circuit diagram of the synchronous induction motor 
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according to the exemplary embodiment of the present invention. 

[0020] FIG. 4 is ohowo a circuit diagram of another synchronous induction motor 

according to the exemplary embodiment of the present invention. 

[0021] FIG. 5 is GhowQ a circuit diagram of a further different synchronous 

induction motor according to the exemplary embodiment of the present invention. 

[0022] FIG. 6 is ohows a circuit diagram of a still further different synchronous 

induction motor according to the exemplary embodiment of the present invention. 

[0023] FIG. 7 is .ohowo a cross-sectional view of the a rstarter in FIG. 6. 

[0024] FIG. 8 is shows a circuit diagram of a still further different synchronous 

induction motor according to the exemplary embodiment of the present invention. 

[0025] FIG. 9 is showG a circuit diagram of a still further different synchronous 

induction motor according to the exemplary embodiment of the present invention. 

[0026] FIG. 10 is shows a cross-sectional view of a starter in FIG. 9. 

[0027] FIG. 11 is shows a cross-sectional view of a conventional electric hermetic 

compressor. 

[0028] FIG. 12 is shows a cross-sectional view of a rotor for the conventional 
synchronous induction motor. 

[0029] FIG. 13 is ohowo a circuit diagram of the conventional synchronous 
induction motor. 

[0030] FIG. 14 is a graph showing speed vs. torque curve of a synchronous 
induction motor. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0031] Now, exemplary embodiments of the present invention are described with 
reference to the drawings. In every exemplary embodiment, the same marks are 
applied for the same configuration and operation as described in the previous 
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embodiinent(s) and the detailed descriptions are omitted. 
(Exemplary embodiment l) 

[0032] FIG. 1 is showG a cross-sectional view of an electric hermetic compressor 
according to an exemplary embodiment of the present invention, and FIG. 2 is 
shows a cross-sectional view of a rotor for the synchronous induction motor. FIG. 3 
is shows a circuit diagram of the synchronous induction motor. 
[0033] Hermetic housing 36 of electric hermetic compressor 31 contains 
synchronous induction motor 21 and compression unit 35 driven by motor 21. 
Motor 21 starts as an induction motor and runs as a synchronous induction motor to 
rotate in sync with iLSupply frequency at steady state runnin g (operation) . Motor 
21 has stator 32 and rotor 33. Stator 32 has main winding 22 and auxiliary 
winding 23 wound on a core (not shown) made of steel sheet laminations. Rotor 33 
encloses permanent magnets 40 in yoke 39 made also of steel sheet laminations and 
has aluminum-made secondary conductors 34 provided in the vicinity of the 
periphery of yoke 39. 

[0034] Auxiliary winding 23 is connected in series with positive temperature 
coefficient thermistor 25, triac 29 and starting capacitor 27, all included in starter 
24A. Operating capacitor 28 is connected in parallel with the series circuit. Triac 
29 is connected in series with thermistor 25 and starting capacitor 27, and the gate 
of triac 29 is connected to trigger circuit 30 that controls triac 29. Known circuits 
such as circuits composed of resistors, diodes and capacitors, circuits comprising ef 
thermistors or the like (not shown) can be used as trigger circuit 30. 
[0035] Now, the operation of motor 21 with aforementioned configuration is 
described. 

[0036] When energizing trigger circuit 30, triac 29 in an off-state at the start turns 
into an on-state. Starting current flows into auxiliary winding 23 of motor 21 to 
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perform starting operations. Namely, starting current flows into main winding 22, 
auxiliary winding 23, thermistor 25, starting capacitor 27 and operating capacitor 
28. When the starting current flows flowing , main winding 22 and auxiliary 
winding 23 establishes a rotating magnetic field, which induces an induction 
current on secondary conductors 34 to generate a magnetic field. Rotor 33 thus 
starts running by a starting torque caused by the magnetic field generated in stator 
32, and continues to accelerate the running speed to reach a synchronous operation 
at a synchronous speed. 

[0037] On the other hand, the starting current flowing into thermistor 25 built in 
starter 24 generates self-heating in thermistor 25 to cause a rapid increase in 
electrical resistance and a decrease in current flow to auxiliary winding 23. The 
starting operations are thus accomplished and induction motor 21 runs at a 
synchronous speed. 

[0038] Moreover, after a certain period of time from the starting, trigger circuit 30 
lowers the gate voltage of triac 29 to turn triac 29 into the o ff-state. At the 
off-state of triac 29, thermistor 25 does not dissipate any electric power as the 
current flowing into thermistor 25 is interrupted. As mentioned above triac 29 and 
trigger circuit 30 form a switching unit acting to connect motor 21 to starting 
capacitor 27 at start and to disconnect motor 21 from starting capacitor 27 after 
starting. Namely starter 24A has thermistor 25, starting capacitor 27 and the 
switching unit. 

[0039] Consequently, motor 21 and compressor 31 with a high efficiency are 
provided as several watts of power consumed wastefully in thermistor 25 is not 
dissipated any more. Additionally, thermistor 25 is cooled by heat radiation while 
compressor 31 is running as the ciurrent flow to thermistor 25 is interrupted, and 
thermistor 25 can return back to a low resistance state. As a result, the starter 
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unit with the configuration can provide motor 21 and compressor 31 with excellent 
an re-starting property as motor 21 is in a condition approximately full-time ready 
for starting. Additionally, the switching unit performs with a high reliability as 
triac 29 functions as a non-contact switch. 

[0040] A switching unit without using a.thermistor 25 in the switching unit shown 
in FIG. 3 may also be possible to work with the switching function of triac 29 only. 
In this case, however, trigger circuit 30 is required to disconnect the circuit at the a 
right time after starting. On the contrary, the switching unit provided with 
thermistor 25 as shown in FIG. 3 disconnects the circuit practically just after the 
starting of motor 21 by the effect of an increase in resistance, and then triac 29 may 
work the switching function. Namely, trigger circuit 30 is not required to control 
with so high an accuracy. 
(Exemplary embodiment 2) 

[0041] FIG. 4 shows a circuit diagram of a synchronous induction motor used in a 
second exemplary embodiment of the present invention. As shown in FIG.4, 
starter 24B includes thermistor 25, starting capacitor 27, bimetal switch 41, and 
auxiliary positive temperature coefficient thermistor (auxiliary thermistor) 42. 
Bimetal switch 41 is connected in series with thermistor 25 and starting capacitor 
27. Auxiliary thermistor 42, connected electrically to auxihary winding 23 and in 
parallel with bimetal switch 41 to act as a heating element, is coupled thermally 
with bimetal switch 41 to applv g ive-thermal effects on bimetal switch 41. A 
switching unit has bimetal switch 41 and auxiliary thermistor 42 in this 
configuration. Namely, starter 24B has thermistor 25, starting capacitor 27 and 
the switching unit. Components other than used in the configuration are the same 
as those used in the first exemplary embodiment. 

[0042] Next, the operations of synchronous induction motor 21 and starter 24B 
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with the aforementioned configuration are described. 

[0043] At the start, movable contact 142 is attached to fixed contact 144 making 
bimetal switch 41 on-state to perform the starting operations for motor 21 by 
flowing starting current into auxiliary winding 23. The starting current flowing 
into thermistor 25 built in starter 24B develops self-heating in thermistor 25 to 
cause a rapid increase in electrical resistance and a decrease in current flow to 
auxiliary winding 23. The starting operations are thus accomplished and 
induction motor 21 runs at a synchronous speed. 

[0044] Moreover, after a certain period of time from the starting, auxihary 
thermistor 42 develops self-heating to heat up bimetal switch 41. When reaching 
an operating temperature of bimetal switch 41, movable contact 142 of bimetal 
switch 41 deflects off from fixed contact 144, leaving bimetal switch 41 in an 
off-state. At the o ff-state of bimetal switch 41, thermistor 25 does not dissipate 
any electric power as the current flow to thermistor 25 is interrupted. Similar to 
the first exemplary embodiment, therefore, the configuration can provide motor 21 
and compressor 31 with a high efficiency and excellent re-starting property. 
[0045] Additionally, the power lost in self- heating of auxiliary thermistor 42 is only 
a little as the wattage consumption needed for the heating can be set to a very low 
value. 

[0046] In the aforementioned configuration, a starter without using thermistor 25 
such as starter 24C as shown in FIG, 5 can be possible. In this case, bimetal 
switch 41 and auxiliary thermistor 42 compose a switching unit. Namely, starting 
capacitor 27 and the switching unit compose starter 24C. 

[0047] Next, operations of motor 21 and starter 24C with this configuration are 
described. When bimetal switch 41 is in an on-state at the start, starting current 
flows into auxiliary winding 23 and main winding 22 to produce a rotating magnetic 
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field. Accelerating a rotating speed along with speed vs. torque curve, motor 21 
reaches a synchronous operation at a synchronous speed and thus accomplishes the 
starting operations. 

[0048] During a time from the starting to the synchronous operation, auxiliary 
thermistor 42 emits heat energy to heat up himetal switch 41. When reaching an 
operating temperature, bimetal switch 41 deflects off from the circuit leaving 
bimetal switch 41 in an o ff- state. At the o ff-state of bimetal switch 41, starting 
capacitor 27 is disconnected from auxiliary winding 23. 

[0049] Power consumed in the switching action of bimetal switch 41 is practically 
the power consumed in causing auxiliarv thermistor 42 to heat up bimetal switch 41 
only. The power consumption, being not more than 1 W, is smaller than power 
consumed in a^thermistor of a a 5-built-in PTC relay. Therefore, starter 24C can 
start motor 21 and can keep the deflected position of bimetal switch 41 contacts 
using lower wattage consumption than a^PTC relay. 

[0050] As mentioned above, the configuration can start and operate motor 21 and 
compressor 31 with only a low power consumption of auxiliary thermistor 42. 
Namely, the configuration can save the power of the order of several watts 
consumed in a_motor when running with a^PTC relay, contributing to high system 
efficiency. 

[0051] Moreover, axixiliary thermistor 42, as having a higher resistance than a^PTC 
relay, has a small volume easy to radiate heat, causing it to cool to a temperature 
ready for quick re -starting of motor 21 quickly . The configuration, therefore, can 
provide motor 21 and compressor 31 with aLgood re-starting property. 
[0052] However, when bimetal switch 41 is operated by heat emission from 
auxiliary thermistor 42, bimetal switch 41 is apt to work under fluctuating accuracy. 
To cope with the problem, thermistor 25 is used together with bimetal switch 41 as 
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shown in FIG. 4 to increase the resistance value of thermistor 25, causing the 
circuit to disconnect just after starting of motor 21. 

[0053] Additionally, in the configurations shown in FIGs. 4 and 5 of this exemplary 
embodiment, a^heater 43 instead of the auxiliary thermistor 42 can be used as a 
heating element, resulting in similar effects. In this case, the power lost in the 
heating operation is comparatively low, as heater 43 can be set to consume a very 
low level power. Another advantageous point is that heater 43 is cheaper than 
auxiliary thermistor 42. 
(Exemplary embodiment 3) 

[0054] FIG. 6 shows a circuit diagram of a synchronous induction motor according 
to a third exemplary embodiment of the present invention. In FIG. 6, starter 24D 
includes thermistor 25, starting capacitor 27 and current relay 44. Fixed contact 
122 and movable contact 123 of relay 44 are connected in series with thermistor 25 
and starting capacitor 27. Coil 124 of relay 44 is connected in series with main 
winding 22. Relay 44 acts as a switching unit in this exemplary embodiment. 
Starter 24D includes oncloGCG thermistor 25, starting capacitor 27 and the 
switching unit. Components other than those described ^ eed^in this configuration 
are the same as those used in the first exemplary embodiment. 
[0055] FIG. 7 shows a cross-sectional view of relay 44. Relay 44 encloses fixed 
contact 122 and movable contact 123 in casing 125. Movable contact 123 is 
incorporated with plunger 126. Relay 44 further includes central pin 127 for 
guiding plunger 126 and spring 128 for aiding movements of movable contact 123. 
Coil 124 is wound outside of casing 125 such that coil 124 surrounds plunger 126 
externally. 

[0056] Now, the operations of synchronous induction motor 21 and starter 24D 
including relay 44 with the aforementioned configuration are described. A starting 
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current flowing into main winding 22 at the start produces a magnetic field around 
coil 124. The magnetic field attracts plunger 126 incorporated with movable 
contact 123 toward coil 124 against gravity gravitation . while b eing guided by 
central pin 127. Subsequently, movable contact 123 contacts io attached to fixed 
contact 122 to put ffl €bke-relay 44 in an on-state, and to allow fl ew-the starting 
current to flow into auxiliary winding 23. Then, spring 128 shrinks to store a 
repulsive force. 

[0057] When the starting current flows into axixiUary winding 23, motor 21 
performs starting operations. The starting current flowing into thermistor 25 built 
in starter 24D produces self-heating, causing thermistor 25 to increase in electrical 
resistance rapidly and subsequently to decrease in current flow to auxiliary winding 
23. The starting operations are thus accomplished and induction motor 21 runs at 
a synchronous speed. 

[0058] When the starting operations are accomplished, the magnetic force 
dependent on the_strength of the magnetic field of coil 124 decreases as the current 
flowing into main winding 22 also decreases rapidly. Then, plunger 126 
incorporated with the movable contact 123 moves down by gravity pravitation due 
to its own weight and the repulsive force of spring 128, causing movable contact 123 
to disconnect ficom fixed contact 122. Namely, the contacts of relay 44 are 
separated to interrupt current flowing into thermistor 25 and to stop power 
consumption conouming in thermistor 25. Therefore, several watts of power 
consumed wastefuUy in thermistor 25 are no longer not dissipated anv moro . 
Consequently, the configuration can provide motor 21 and compressor 31 with high 
system efficiency and an excellent re-starting property the ft s-same as those in the 
first exemplary embodiment. Moreover, starter 24D is disconnected approximately 
in real time at the start of motor 21 to perform higher system efficiency. 
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[0059] Starter 24E without using thermistor 25 in the configuration as shown in 
FIG. 8 may also be possible. Relay 44 acts as the switching unit also in this 
configuration. Starting capacitor 27 and the switching unit compose starter 24E. 
Now, the operations of motor 21 and starter 24E with this configuration are 
described. 

[0060] As same as mentioned above, when turning relay 44 to the on-state at the 
start, a starting current flows into main winding 22 and auxiliary winding 23 to 
estabhsh a rotating magnetic field. Subsequently, motor 21 starts running to 
accelerate the running speed along with a speed vs. torque curve. The starting 
operations are thus accomplished and induction motor 21 reaches a synchronous 
operation at a synchronous speed. Motor 21 can accomplish the starting 
operations reliably as relay 44 separates the contacts eff-to disconnect starting 
capacitor 27 after motor 21 reaches the synchronous speed. 

[0061] When accomplishing the starting operations of motor 21, current flow into 
main winding 22 decreases rapidly, separating movable contact 123 from fixed 
contact 122 as mentioned above, thereby causing starting capacitor 27 to disconnect 
from auxiliary winding 23. Starter 24E consumes almost little power while a t 
running, as power is consumed in the coil resistance only in the switching operation 
of movable contact 123. 

[0062] By the introduction of relay 44, therefore, motor 21 and compressor 31 can 
perform with high system efficiency, as power consumption of the order of several 
watts lost in the PTC relay while a t-running can be saved. 

[0063] As described above, the configuration can provide motor 21 and compressor 
31 with high system efficiency and an improved re"starting property as the starting 
operations are performed without using a.PTC relay, causing the PTC relay not to 
consume any power. Additionally, the simplified structure enables to produce 
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downoizod the starter to be downsized , 

[0064] In the exemplary embodiment, starting capacitor 27 is disconnected from 
the circuit using relay 44 only, causing fixed contact 122 and movable contact 123 of 
relay 44 to flow a large current at the start. On the contrary, current flowing into 
contacts 122 and 123 is reduced by the resistance value of 5 to 40 Q inherent in 
thermistor 25 if thermistor 25 is adopted in the configuration. Therefore, contacts 
122 and 123 can be prevented from degradation or fusion to improve the life 
performance. 

(Exemplary embodiment 4) 

[0065] FIG. 9 shows a circuit diagram of a synchronous induction motor with a 
voltage relay according to a fourth exemplary embodiment of the present invention. 
FIG. 10 shows a cross-sectional view of the voltage relay according to this 
exemplary embodiment. 

[0066] In the exemplary embodiment, starter 24F includes starting capacitor 27 
and voltage relay 101. Synchronous induction motor 21 has main winding 22 and 
auxiliary winding 23. Auxiliary winding 23 is connected in series with fixed 
contact 102 and movable contact 103 of relay 101 and starting capacitor 27. The 
series circuit is connected in parallel with operating capacitor 28, and coil 104 of 
relay 101 is connected in parallel with auxiliary winding 23. Relay 101 acts as a 
switching unit in this configuration. Starter 24F includes starting capacitor 27 
and the switching unit. 

[0067] In casing 105 of relay 101, fixed contact 102 and movable contact 103 are 
disposed, and fixed contact 102 is connected in series with starting capacitor 27. 
An end of movable contact 103 is fitted movably through opening 107 provided at 
one end of mover 106, and the other end of mover 106 is supported by fixed pedestal 
108 and is retained by spring 109. Coil 104 wound on core 110 is disposed near to 



14 



mover 106. Mover 106 is composed of magnetic metallic substances such as iron, 
nickel or the like. 

[0068] Now, the operations of motor 21 and starter 24F having relay 101 with the 
aforementioned configuration are described. 

[0069] When During motor 21 is at rest, mover 106 is attracted upward by spring 
109, causing movable contact 103 to attach fixed contact 102 to close the circuit. 
At start, a starting current flows into main winding 22 and auxiliary winding 23 
simultaneously. The starting current flowing into axixiliary winding 23 and main 
winding 22 produces a rotating magnetic field, causing motor 21 to accelerate the 
rotating speed along with speed vs. torque curve to approach a synchronous 
operation at a synchronous speed, and the starting operations are thus 
accomplished. 

[0070] Although the starting current also flows into coil 104 connected in parallel 
with auxiliary winding 23 at start to generate a magnetic force around core 110, the 
magnetic force generated by voltage at the i nitial state is not strong enough for core 
110 to attract mover 106. Accelerating the running speed, however, when motor 21 
reaches a synchronous speed, the magnetic force of core 110 is increased to a level to 
attract mover 106, overcoming the force of spring 109. Then^ opening 107 of mover 
106 functions to push down movable contact 103, causing movable contact 103 to 
separate fi-om fixed contact 102 to open the circuit, thereby causing starting 
capacitor 27 to disconnect firom the circuit to accomplish the starting operations. 
As mentioned above, the configuration can perform a^reliable starting operations for 
motor 21, as relay 101 separates the contacts to disconnect starting capacitor 27 
after motor 21 reaches a synchronous speed. 

[0071] When During motor 21 is_€tt-running, mover 106 is attracted to core 110 as 
coil 104 is energized, keeping movable contact 103 in an off-state. When During 
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motor 21 is at rest, on the contrary, no magnetic force is generated in core 110 as 
coil 104 is not energized. Namely, the c ontacts are returned back to close the 
circuit again by the force of spring 109. Starter 24F consumes almoot Uttle power 
when a t->running. as power is consumed in the resistance of coil 104 only in the 
switching operation of movable contact 103. 

[0072] By the introduction of relay 101, therefore, motor 21 and compressor 31 can 
perform with high system efficiency, as power consumption of the order of several 
watts lost in the PTC relay at running can be saved. 

[0073] As described above, the configuration can provide motor 21 and compressor 
31 with high system efficiency and aiLimproved re-starting property as the starting 
operations are performed without using a^PTC relay, causing the PTC relay not to 
consume any power. 

INDUSTRIAL APPLICABILITY 
[0074] The synchronous induction motor disclosed in the present invention has a 
stator having a main winding and an auxiUary winding, a rotor rotated by a 
magnetic field produced by the stator, and a starter. The starter has a starting 
capacitor connected in series with the auxiUary winding of the synchronous 
induction motor, and a switching unit to open/ close a circuit from the starting 
capacitor to the auxiliary winding. The switching unit closes the circuit fi:om the 
starting capacitor to the auxiliary winding during the synchronous induction motor 
at rest, and opens the circuit after starting of the synchronous induction motor. 
The configuration can provide a synchronous induction motor with high efficiency 
and improved re-starting property as electric power is not consumed in the positive 
temperature coefficient thermistor included in a_PTC relay, and consequently the 
positive temperature coefficient thermistor is cooled quickly. Therefore, the 
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synchronous induction motor with this configuration can provide highly efficient 
and easy to re-start electric hermetic compressor. 
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ABSTRACT 

A synchronous induction motor has a stator having a main winding and an 
auxiliary winding; a rotor having a yoke, a permanent magnet embedded in the 
yoke and a secondary conductor provided in the vicinity of periphery of the yoke; 
and a starter. The starter has a starting capacitor connected in series with the 
auxiliary winding of the synchronous induction motor, and a switching unit to 
open/close a circuit from the starting capacitor to the auxiliary winding. The 
switching unit closes the circuit from the starting capacitor to the auxiliary winding 
when the synchronous induction motor is at rest, and opens the circuit after the 
synchronous induction motor is started. The synchronous induction motor is 
highly efficient and easy to re-start with low power consumption. The electric 
hermetic compressor equipped with the synchronous induction motor can perform 
with the similar effects. 



18 



